Human brain imaging studies have shown that greater amygdala activation to emotional relative to neutral events leads to enhanced episodic memory. Other studies have shown that fearful faces also elicit greater amygdala activation relative to neutral faces. To the extent that amygdala recruitment is sufficient to enhance recollection, these separate lines of evidence predict that recognition memory should be greater for fearful relative to neutral faces. Experiment 1 demonstrated enhanced memory for emotionally negative relative to neutral scenes; however, fearful faces were not subject to enhanced recognition across a variety of delays (15 min to 2 wk). Experiment 2 demonstrated that enhanced delayed recognition for emotional scenes was associated with increased sympathetic autonomic arousal, indexed by the galvanic skin response, relative to fearful faces. These results suggest that while amygdala activation may be necessary, it alone is insufficient to enhance episodic memory formation. It is proposed that a sufficient level of systemic arousal is required to alter memory consolidation resulting in enhanced recollection of emotional events.
We tend to remember poignant, emotional events far better than mundane, trivial ones. From births and deaths of loved ones, to weddings and graduations, those events with increased emotional significance achieve prominence in our memory (Christianson 1992; Berntsen and Rubin 2004) . Numerous studies have revealed a critical role for the human amygdala in the enhanced episodic memory accompanying emotional events (Cahill et al. 1995 Adolphs et al. 1997 Adolphs et al. , 2005b Phelps and Anderson 1997; LaBar and Phelps 1998; Hamann et al. 1999; Canli et al. 2000; Kilpatrick and Cahill 2003; Dolcos et al. 2004; Kensinger and Corkin 2004; Sharot et al. 2004 ). Increased amygdala activation during stimulus encoding specifically correlates with superior memory for individual emotional stimuli (Canli et al. 2000; Dolcos et al. 2004) . These findings are consistent with evidence from nonhuman animals that amygdala increases long-term memory formation by modulating long-term potentiation (Ikegaya et al. 1995; Richter-Levin and Akirav 2000; Akirav and Richter-Levin 2002) and thus, the consolidation of memory traces in brain regions involved in different forms of memory Packard and Cahill 2001) . In particular, in humans, amygdala-hippocampal interactions have been demonstrated to support the enhancement of episodic memory for emotionally significant events Kilpatrick and Cahill 2003; Dolcos et al. 2004) .
In addition to its critical role in enhancing episodic memory for emotional events, lesion studies have shown patients with amygdala damage have difficulty recognizing fearful facial expressions (Adolphs et al. 1994 (Adolphs et al. , 1999 (Adolphs et al. , 2005a Broks et al. 1998; . Numerous neuroimaging studies have now shown that the amygdala is activated more when subjects view fearful faces than neutral, happy, angry, or disgusted faces (Breiter et al. 1996; Morris et al. 1996; Phillips et al. 1998; Whalen et al. 1998 Whalen et al. , 2001 Hariri et al. 2000 Hariri et al. , 2002 Anderson et al. 2003a ). The robustness of this amygdala recruitment is demonstrated in how fearful faces have been shown to evoke amygdala activation to a degree even greater than that evoked by complex emotional scenes (Hariri et al. 2002) .
The importance of these two separate neural observations is that they converge on a novel behavioral prediction regarding the expression of the emotional enhancement of memory (EEM). Given amygdala activation is a critical predictor of enhanced memory for emotional stimuli, memory for fearful faces should be similarly enhanced relative to neutral events. This evidence would suggest that EEM might be reduced to the simple neurobiological prerequisite of increased amygdala activation. That is, if the amygdala is "turned on" in association with a stimulus, this stimulus will be subject to later enhanced memory. As such, differential amygdala activation for fearful relative to neutral faces should then result in their being more likely remembered than forgotten.
In contrast, if memory were not enhanced for fearful faces, then this would suggest that amygdala activation might be a necessary, but insufficient cause for EEM. This would indicate that in addition to amygdala recruitment, some supplemental cognitive and/or affective factor(s) are required to result in enhanced recollection of events with emotional significance. For instance, one factor of importance may be the influence of arousal around the time of stimulus encoding (Anderson et al. 2006) . Previous studies of enhanced emotional memory demonstrate the important role of arousal accompanying emotional stimuli LaBar and Phelps 1998; Buchanan et al. 1999; Buchanan and Lovallo 2001; Hamann et al. 2002) . Facial expressions, such as fear, may evoke more limited systemic arousal (Lang et al. 1993) . If amygdala activation is sufficient to alter the course of episodic memory, then activation of the amygdala alone, independently of higher levels of subjective or autonomic indices of arousal, should be sufficient for enhanced memory, predicting EEM for fearful relative to neutral faces. In contrast, arousal may be a critical prerequisite for the amygdala to influence memory Ca-hill et al. 2003; McGaugh 2004; Okuda et al. 2004) , predicting EEM for highly arousing events, but not for fearful faces.
Results

Experiment 1
Emotional intensity ratings
Rating data were submitted to a 3-way ANOVA with delay, stimulus type (faces vs. scenes), and emotion (negative vs. neutral) submitted as separate factors. Scenes were rated as more emotionally intense than faces, F (1,43) = 123.69, P < 0.001. As shown in Figure 1 , this main effect was largely due to an interaction between stimulus type and emotion, F (1,43) = 57.33, P < 0.001, with negative scenes rated as more intense than all other stimulus types, F (1,43) = 430.88, P < 0.001, and in particular, greater than fear faces, F (1,43) = 176.71, P < 0.001. Although smaller in magnitude, ratings of fear faces remained greater than neutral faces, F (1,43) = 54.03, P < 0.001, and neutral scenes, F (1,43) = 21.71, P < 0.001. There was a trend for arousal ratings across stimulus types to be higher for the shortest delay group, F (1,43) = 3.10, P < 0.06; however, the lack of a significant delay x stimulus type x emotion interaction, F (1,43) < 1, suggests that the three delay groups demonstrated similar greater reported intensity of emotional response to negative scenes relative to other stimulus types.
Scene memory
As illustrated in Figure 2A ,B, the emotional content of scenes enhanced remember but not familiar responses. Remember and familiar response data were submitted to two independent ANOVAs with delay and scene type as separate factors. Corrected "remember" responses (remember Hits ‫מ‬ remember false alarms [FA] ) revealed that recollection significantly depended on delay, F (2,43) = 8.75, P < 0.001, with recognition accuracy decreasing linearly with increasing delay, F (1,43) = 17.47, P < 0.001. Overall recollection was more accurate for negative than neutral scenes, F (1,43) = 14.25, P < 0.001. An interaction between scene type with delay, F (1,43) = 9.04, P < 0.001, revealed that delay had a greater than twofold reduction in recollection of neutral, F (1,43) = 27.92, P < 0.001, (41% reduction) compared with negative scenes, F (1,43) = 6.36, P < 0.02 (a 19% reduction). The recollection advantage for negative relative to neutral scenes was significantly different from neutral only at the longest test delay, F (1,43) = 29.44, P < 0.001. In contrast with prior studies, the long delay needed to demonstrate EEM likely reflects the use of a relatively small number of studied items, resulting in relative resistance of forgetting for neutral items.
Corrected "familiar" responses (familiar Hits ‫מ‬ familiar FA) depended on delay, F (2,43) = 5.72, P < 0.007, increasing with increasing delay, F (1,43) = 10.05, P < 0.003. As illustrated in Figure  2B , in contrast with remember responses, familiar responses did not significantly differ between stimulus types across delay, F (2,43) = 2.53, P < 0.12, or in a delay-dependent manner, F (2,43) < 1, although this may in part reflect a floor level responding.
Face memory
As illustrated in Figure 3A ,B, neither remember or familiar responses indicated enhanced recognition memory for fear faces. Remember and familiar response data were submitted to two independent ANOVAs with delay and face type as separate factors. Corrected "remember" responses significantly depended on delay, F (2,43) = 3.79, P < 0.04, with recognition accuracy decreasing linearly with increasing delay, F (1,43) = 6.65, P < 0.02. Recollection did not significantly differ for fear and neutral faces across delays, F (2,43) < 1, or in a delay-dependent manner, F (2,43) < 1. This lack of differentiation was not due to floor-level performance at the longest delay. We next performed a median split analysis on the longest delay group based on neutral face memory performance, submitting individuals with high versus low face memory to an additional ANOVA with face type as a separate factor. This analysis yielded corrected recognition for neutral faces well above floor levels (>56.5%), yet accuracy for fear faces did not significantly differ from neutral in individuals with either high-or low-memory accuracy, F (1,12) < 1.
Despite similar magnitudes of remember responses for fearful and neutral faces, the qualitative character of memory may have differed, favoring familiarity. However, familiar responses like remember responses did not significantly differ between face types across delays, F (2,43) < 1, or in a delay-dependent manner, F (2,43) < 1. 
Differential forgetting: Faces and scenes
Recognition memory for scenes was more accurate than faces even at the shortest delay. Although performance was sufficiently off floor levels to permit differentiation of memory for fear and neutral faces, baseline differences in memory may obscure the magnitude of differential forgetting across stimulus types. To examine this more closely, corrected memory at the longest delay for faces and scenes were proportionally scaled relative to mean corrected memory at the shortest delay for each stimulus type. These scores represented the proportional magnitude of differential forgetting for all stimulus types and were submitted to an additional ANOVA with emotion (negative vs. neutral) and stimulus type (faces vs. scenes) as separate factors. As illustrated in Figure 4 , rate of forgetting did not differ between neutral faces and scenes. An interaction between emotion and stimulus type, F (1,13) = 4.87, P < 0.05, revealed that compared with all other stimulus types, negative scenes were least susceptible to forgetting, F (1,13) = 14.28, P < 0.003, and in particular, were maintained in memory greater than fearful faces, F (1,13) = 11.65, P < 0.004. In contrast, fearful faces were equally susceptible to forgetting as neutral scenes and faces, F (1,13) < 1.
Discussion
Consistent with prior findings, emotionally aversive scenes resulted in enhanced recognition memory. Examination of forgetting curves revealed differential forgetting of neutral relative to negative scenes, with the latter being relatively maintained in memory over a 2-wk delay. In particular, negative scenes were endowed with an enhanced sense of recollection but not familiarity, consistent with prior studies (Dewhurst and Parry 2000; Ochsner 2000; Kensinger and Corkin 2003) . In contrast, we show fearful faces were not subject to enhanced recollection or familiarity across a variety of delays, ranging from 15 min to 2 wk. The failure of EEM for fearful faces was thus unlikely due to not testing at appropriate delays that would reveal memory enhancement. This mnemonic dissociation suggests that greater amygdala response to fear faces may be insufficient to enhance later memory and that additional factors may be necessary for the presence of EEM.
Fear faces and negative scenes differ in many aspects that may be important for the expression of EEM. One potential factor is the presence of systemic physiologic arousal (Cahill et al. 1994) . Facial expressions, such as fear, may evoke more limited systemic arousal (Lang et al. 1993) , as suggested in the present study by greater self-reported arousal for negative scenes relative to fearful faces. Enhanced emotional memory has been associated with sufficient systemic arousal accompanying emotional stimuli LaBar and Phelps 1998; Buchanan et al. 1999; Buchanan and Lovallo 2001; Hamann et al. 2002; Anderson et al. 2006) . Amygdala activation independent of a certain degree of autonomic arousal may be insufficient to alter the course of episodic memory.
Results
Experiment 2
Experiment 2 used the galvanic skin response (GSR) to examine whether fearful faces and aversive scenes differed in their capacity to evoke peripheral sympathetic arousal. In addition, the experimental paradigm was altered to reduce the influence of other factors that may have contributed to the failure to find EEM for fearful faces. The emotional intensity ratings task was removed, as the diagnosticity of this task for aversive scenes (i.e., being judged as more intense) may have differentially increased their depth of processing during encoding. Study 1 also used separate encoding sessions for faces and scenes. Studies examining the influence of mixed versus pure study lists have revealed EEM only in the latter case (Dewhurst and Parry 2000) . As such, enhanced inter-item associations in pure study lists of faces might reduce the distinctiveness of fear faces, reducing their capacity to result in EEM (Dewhurst and Parry 2000) . In study 2, faces and scenes were intermixed during encoding and later test.
Galvanic skin response
Negative scenes, but not fear faces resulted in a significant increase in autonomic arousal responses relative to neutral events ( Figure 5A ). GSR data were submitted to a two-way ANOVA, with emotion (negative and neutral) and type (scenes and faces) as separate repeated measures factors. There was a significant main effect of emotion, with negative events associated with greater GSR response relative to neutral, F (1,21) = 7.13, P < 0.02. An interaction between emotion and picture type revealed that the effect of emotion was selective for negative scenes, F (1,21) = 6.03, P < 0.03, which resulted in more pronounced responses relative to all other conditions, F (1,21) = 11.30, P < 0.003. Fear faces did not differ from neutral faces, F (1,21) < 1, or scenes, F (1,21) = 1.33, P > 0.26. 
Recognition memory
Replicating Experiment 1, negative scenes, but not fear faces resulted in a significant increase in remember responses relative to neutral events after a 2-wk delay ( Figure 5B ). Corrected remember data for remember and familiar responses were submitted to separate two-way ANOVAs, with emotion (negative and neutral) and type (scenes and faces) as separate repeated measures factors. A main effect of event type, F (1,17) = 34.15, P < 0.0001, revealed that scenes were better remembered than faces. A marginally significant main effect of emotion suggested that negative events were better recollected than neutral, F (1,17) = 4.32, P < 0.06. An interaction between emotion and picture type revealed that the effect of emotion was selective for negative scenes, F (1,17) = 10.18, P < 0.006, with negative scenes resulting in more pronounced recollection relative to all other conditions, F (1,17) = 40.19, P < 0.0001, including fearful faces, F (1,17) = 44.16, P < 0.0001.
The relatively low levels of recognition memory in particular for faces may have masked differences between neutral and fear faces. To address this, we next performed a median split analysis based on neutral face memory performance, submitting individuals with high versus low neutral face memory to an additional ANOVA with face type as a separate factor. Accuracy for fear relative to neutral faces did not differ depending on whether individuals demonstrated high-or low-memory accuracy, F (1,16) = 1.87, P > 0.19. A similar median split analysis based on fear face memory performance similarly demonstrated that fear and neutral faces' memory did not differ depending on whether individuals demonstrated high-or low-memory accuracy, F (1,16) < 1.
With respect to potential differences in the qualitative character of memory faces and scenes, an analysis of familiar responses revealed no effects of significance (all P > 0.13). In particular, emotion did not interact with picture type, nor were fear faces judged as more familiar than neutral, F < 1.
Discussion
Previous studies have shown that increased amygdala activation during stimulus viewing is strongly associated with enhanced memory for emotional scenes (Cahill et al. 1995 Hamann et al. 1999; Canli et al. 2000; Kilpatrick and Cahill 2003; Dolcos et al. 2004; Kensinger and Corkin 2004; Sharot et al. 2004) . It is also well-established that fearful faces elicit significantly greater amygdala response than neutral faces (Breiter et al. 1996; Morris et al. 1996; Phillips et al. 1998; Whalen et al. 1998 Whalen et al. , 2001 Hariri et al. 2000 Hariri et al. , 2002 Anderson et al. 2003a ). The present study used these two sources of neuroimaging evidence to make a novel prediction about the behavioral expression of the emotional enhancement of memory (EEM). Specifically, if increased amygdala activation is sufficient to enhance episodic memory, then EEM should be present for fearful faces relative to neutral events. In contrast, Experiment 1 provides evidence of a dissociation in EEM for aversive scenes and fearful faces. Unlike aversive scenes, memory for fearful faces was not better than memory for neutral materials at various delays extending from 15 min to 2 wk following initial encoding. With respect to the phenomenological quality of memory retrieval, consistent with prior reports (Dewhurst and Parry 2000; Ochsner 2000; Kensinger and Corkin 2003) emotionally aversive scenes specifically enhanced the experience of remembering rather than familiarity (Yonelinas and Levy 2002) ; in contrast, fearful faces did not enhance either remember or familiar responses. Experiment 2 replicated the above pattern of findings in a mixed-list study design and further demonstrated that aversive scenes but not fearful faces were associated with a significant increase in peripheral sympathetic arousal, as indexed by the galvanic skin response. This parallel dissociation in memory and sympathetic arousal suggests that differential activation of the amygdala may be necessary but insufficient to enhance episodic memory for emotional events.
There are many potential differences between fearful faces and aversive scenes that may contribute to evidence for selective memory enhancement. We begin by considering potential differences in amygdala engagement in processing fearful faces and aversive scenes and then turn to potential differences in associated cognitive and affective processes. First, amygdala activation may have differed in overall magnitude for fear faces and aversive scenes. Although amygdala activation was not measured in this study, this view is not supported by other studies using stimuli similar to those used here that demonstrate even greater amygdala activation to fearful faces than aversive scenes (Hariri et al. 2002) . However, amygdala activation to fear faces is susceptible to habituation in response during repeated exposure (Breiter et al. 1996) and thus, this could account for reduced amygdala response across the encoding session. This differential habituation in response is extremely unlikely given that only 10 fearful faces were viewed once during the encoding phase. As such, it is unlikely fearful faces are not subject to EEM because of differences in the magnitude of amygdala activation during encoding.
An additional explanation may lie in differences in the precise anatomical localization of amygdala responses to fearful faces and those that support enhanced recollection of other aversive events. The amygdala is composed of many subnuclei with different functions (Gallagher and Holland 1994) . Studies from nonhuman animals suggest specifically the basolateral amygdala is critical for the memory-enhancing effects of emotional arousal . Given the less-accurate localization in human neuroimaging, it is unclear whether fearful faces activate the basolateral amygdala or nuclei in a separate amygdala subregion. Consistent with dissociations between fear face recognition and emotional influences on memory (Papps et al. 2003) , it is possible that amygdala responses to fearful faces reflect neural activity in nuclei outside of the basolateral nucleus that supports a distinct functional process, which does not result in enhanced memory.
The amygdala responds to specific aspects of fearful facial stimuli, such as the eyes (Whalen et al. 2004; Adolphs et al. 2005a ). It may be that enhanced processing of these facial features does not lead to better memory for the overall face. It is important to consider that the amygdala is not the source of the engram supporting episodic memory. A primary role of the amygdala in EEM is to modulate representations in the hippo- campal formation Hamann et al. 1999; Kilpatrick and Cahill 2003; Dolcos et al. 2004) , which are potentially much more complex than what the amygdala specifically encodes. What specific features the amygdala responds to most vigorously are not necessarily equivalent to what is enhanced in later memory. For instance, with regard to mnemonic features, the amygdala has been shown to differentially enhance gist or global representations rather than details (Adolphs et al. 2005b) . It is well known that face recognition depends more upon holistic encoding rather than local processing (Farah et al. 1998) . Amygdala contributions to face memory would then likely be to enhance global representations that support facial identity recognition. However, precisely how the amygdala interacts with medial temporal-lobe representations of faces and scenes may differ, resulting in the dissociation in EEM shown here.
With regard to psychological factors that may distinguish between memory for faces and scenes is their distinctiveness, which is known to have significant effects on episodic memory (Hunt and Lamb 2001) and may influence the expression of EEM (Dewhurst and Parry 2000) . Although viewing expressions of fear may be a highly unique or rare experience, with respect to interitem distinctiveness within the study session, faces are a much more homogenous stimulus class. Scenes were thematically matched with foils to increase the difficulty of the old-new discrimination but likely remained more distinctive than faces, as indicated by the differences in overall memory between the two stimulus types. However, prior studies have shown that amygdala activation is not associated with enhanced memory for distinctive events of little emotional value , and behavioral studies have also shown that distinctiveness and emotion appear to have distinct influences on EEM (Anderson et al. 2006) . Nonetheless, distinctiveness might be a critical additional factor in conjunction with amygdala activation that allows for the emotional modulation of memory (Strange et al. 2003; Strange and Dolan 2004) .
Aversive scenes and fearful faces differed in degree of unpleasantness. Enhanced memory for aversive scenes and not fearful faces may be due to this greater negative valence. Prior studies in rodents have shown the amygdala is involved in aversive as well as appetitive learning (Cahill and McGaugh 1990) . The human amygdala responds to events of increased negative as well as positive valence (Hamann et al. , 2002 Anderson et al. 2003b ) and similarly, EEM occurs for negative as well as positive events . Valence effects on memory are thought to be independent of amygdala function, supported by strategic memory processes supported by the prefrontal cortices Kensinger and Corkin 2004) . These effects have greater influence on recall than recognition and are related to the categorical or semantic influences on memory rather than emotional value (Talmi and Moscovitch 2004; Buchanan et al. 2006 ). As such, the greater negative valence present in aversive scenes relative to fear faces is unlikely to account for the differences in delayed recognition shown here.
We conclude from the present studies that emotional enhancement of memory is not simply reducible to activation of the amygdala. Rather, differential amygdala activation requires other critical conditions to exert neuromodulatory influences on brain regions supporting enhanced recollection. Aversive scenes such as mutilated body parts or horrible car crashes elicit a more intense emotional response than fearful facial expressions, as our self-report (Experiment 1) and peripheral sympathetic measures (Experiment 2) show. A certain threshold of adrenomedullary activation and associated central arousal may be needed in conjunction with amygdala activation to enhance episodic memory. Consistent with the proposed important role of peripheral and central stress hormone release for arousal memory modulation (Kleinsmith and Kaplan 1963; Cahill et al. 1994; Nielson et al. 1996; Cahill and McGaugh 1998; LaBar and Phelps 1998; Buchanan and Lovallo 2001; Hamann 2001; Okuda et al. 2004) , fear faces may induce robust amygdala activation, but a level of systemic arousal insufficient for EEM.
Enhanced recollection of emotional events ultimately requires recruitment of the hippocampal formation. While hippocampal activation correlates with memory for nonemotional events, and not the amygdala (Brewer et al. 1998; Wagner et al. 1998; Hamann et al. 1999) , conjoint amygdala-hippocampal or parahippocampal activation has been shown for emotionally arousing events Kilpatrick and Cahill 2003; Dolcos et al. 2004 ). The arousal enhancement of memory traces in the hippocampus is thought to critically depend upon stress steroid activation of the amygdala . In nonhuman animals, heightened emotional arousal during encoding is essential in enabling glucocorticoid effects on memory consolidation (Okuda et al. 2004) , with analogous results having been demonstrated in humans . Further, blocking of stress steroid ␤-adrenergic receptors results in a selective reduction in the emotional enhancement of memory (Cahill et al. 1994; van Stegeren et al. 1998) . These findings suggest that enhanced memory associated with emotional experience results from a cascade of neurochemical events linked with peripheral sympathetic activation and the subjective experience of emotionally intense states (Southwick et al. 2002) , which in turn enhance hippocampal consolidation of new episodic memories.
Although fearful faces may robustly activate the amygdala, we hypothesize that without stress-steroid receptor binding, these events would not augment the consolidation of hippocampal-based memory traces and facilitate the construction of new episodic memories. We suggest from the present results that enhanced memories for emotionally significant events result from the conjunction of amygdala activation and heightened systemic arousal, allowing the amygdala to influence hippocampaldependent memory traces. Such a mechanism suggests that the greater retention of real-life emotional events would reflect contributions from both the body (systemic arousal) and the brain (amygdala activation).
Materials and Methods
Experiment 1
Participants Forty-eight students (ages 18-22) either volunteered or were given credit for participation in two studies: face and scene recognition. In each experiment, 16 participants were randomly assigned to one of three delay conditions: 15-min, 1-wk, and 2-wk delay. One subject in the 2-wk condition was excluded from analysis due to extremely low hit rates. Data files for one participant each in the 1-wk scene condition and 2-wk face condition were corrupted and unavailable for analysis. Informed consent for participation in the study was obtained after the nature of the experimental procedures had been explained.
Stimuli
Fearful and neutral face stimuli were selected from a variety of publicly available facial affect sets. Eighty photos of 40 individuals (24 male, 16 female) were selected such that there was a photo of each person expressing a fearful and a neutral expression. The 80 photos were then divided into four stimulus sets of 20 unique individuals, with 10 fearful and 10 neutral expressions. These small study sets were necessitated to allow presentation of unique individuals for study and recognition foils. Within each group, there were 12 men and eight women, and half of each gender displayed fearful and half neutral expressions.
Photographic scene stimuli were selected from the Interna-
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www.learnmem.org tional Affective Picture System (Lang et al. 1988) . Twenty photos each of aversive and neutral stimuli were selected and divided into two groups, each containing 10 neutral and 10 negative stimuli. The small study set was used to match number of study items in the face memory task. Negative stimuli were selected on the basis of being unpleasant and highly arousing, based on provided norms. Examples of neutral stimuli included fingerprints, eating utensils, and lamps. Examples of aversive stimuli included dead animals, mutilated bodies, and car crashes.
To characterize the emotional value of the face and scene stimuli, an independent group of 16 participants were asked to judge their valence and arousal responses. These are depicted in Figure 1A in two-factor (valence and arousal) space. Arousal and valence ratings were submitted to two separate 2 ‫ן‬ 2 ANOVAs, with stimulus type (faces vs. scenes) and emotion (negative vs. neutral) submitted to a separate repeated measures. Consistent with findings of a close association between extremity of negative valence and experiential intensity or arousal (Lang et al. 1993) , negative scenes were most discrepant on both arousal, F (1,15) = 260.58, P < 0.001, and valence, F (1,15) = 546.51, P < 0.001, dimensions relative to all other stimuli. In particular, negative scenes were more arousing, F (1,15) = 119.01, P < 0.001, and negative, F (1,15) = 167.57, P < 0.001, than fearful faces. Fearful faces were more negative, F (1,15) = 54.90, P < 0.0001, and arousing, F (1,15) = 7.60, P < 0.02, than neutral faces.
Encoding task
Participants sat at the computer where they were first randomly presented with one of the four groups of faces or one of the two groups of scenes. Face presentations were counterbalanced across subjects such that exemplars of fearful expressions in one group displayed neutral expressions in another group, and vice-versa. Half of the participants viewed faces first and the other half viewed scenes first. Encoding of faces and scenes were blocked to avoid overlap in arousal response when intermixed with emotionally aversive scenes. Within each block, all stimuli were presented in a unique random order for each participant. Photos were presented for 3 sec each. Participants were asked to view each stimulus for its entire duration and after its offset to rate their own level of emotional intensity (i.e., arousal). A sevenpoint scale was used where seven was very intense and one not at all intense.
In between face and scene blocks, participants underwent an interpolated distractor task to diffuse potential residual arousal. The distractor task consisted of subjects having to rapidly identify which side of the computer screen was one of two colors selected from various target sets that had to be maintained in memory. The distractor task lasted ∼10 min. Stimuli were presented on a computer screen about 2 feet from the subject via PsyScope 1.2.5.
Recognition task
Participants partook in a recognition memory task ∼15 min, 1 wk, or 2 wk following encoding. For face memory, participants were shown sets of 40 faces, 20 of them neutral and 20 of them fearful. Half of the fearful and half of the neutral faces were presented during the initial exposure, and half were new. The new face foils contained pictures of unstudied individuals expressing fear or neutral expressions. For example, if individual A was presented during study with a fear expression, during recognition testing, individual A served as an "old" studied item, and did not appear with a neutral expression as a "new" nonstudied foil. For scene memory, participants were shown sets of 40 pictures: the 20 (10 negative, 10 neutral) pictures from the original exposure, as well as 20 new foils (10 negative, 10 neutral). The two stimulus sets were selected to have thematically similar pictures for each of the neutral (e.g., two household objects) and aversive (e.g., two scenes of car crashes) events in order to have a more stringent and comparable test of recognition memory for neutral and negative events. Participants were presented with the faces and scene blocks in the same order as they were presented during the initial exposure.
After seeing each face or scene, subjects were asked to indicate whether the photo (1) was entirely new and had not been presented earlier in the experiment, (2) looked familiar but nothing about it could be specifically retrieved, or (3) remembered specifically that it was presented earlier in the experiment. This differentiation afforded qualitative data about the nature of the retrieved memory (Tulving 1985) .
Experiment 2 Participants
Twenty-nine undergraduate students (ages 18-22) were recruited to participate in two laboratory sessions, separated by 2 wk. Due to failure to attend a follow-up session and in a few circumstances, equipment errors or aberrant level of autonomic responding, final sample sizes in each analysis were n = 22 for the galvanic skin-response measurements during encoding and n = 18 for the delayed recognition memory test. Informed consent for participation in the study was obtained prior to the beginning of the study and the purpose of the experimental procedures was explained during the debriefing at the end of the second experimental session.
Galvanic skin responses (GSR)
Biopac MP100 series and AcqKnowledge 3.5.2 were used to measure GSR while the subjects were viewing experimental stimuli. Following the method outlined by Cacioppo et al. (2000) , two electrodes were placed at the base of the index and middle fingers of a subject's nondominant hand. The sampling frequency for measuring the physiological signals was set at 256 Hz. GSR data were band-pass filtered at 0.1-1 Hz and smoothed over a 0.5-sec window. First order responses were measured as the maximal increase in the 0.9-4-sec interval following stimulus presentation.
Stimuli and encoding task
Stimulus selection was similar to Experiment 1. Participants were randomly presented with neutral and fearful faces and scenes. Face presentations were counterbalanced across subjects such that exemplars of fearful expressions in one group displayed neutral expressions in another group, and vice-versa. Events were presented for 4 sec each, and separated by a blank screen that randomly varied in duration from 4 to 6 sec. Participants passively viewed each stimulus and returned for a recognition memory test similar to that of Experiment 1 ∼2 wk after encoding. Stimuli were presented on a computer screen about 2 feet from the subject via E-prime stimulus presentations software.
